ABSTRACT. Feline morbillivirus (FmoPV) is an emerging virus in cats, which is associated with tubulointerstitial nephritis. To study the in vitro host range of FmoPV, we inoculated FmoPV strain SS1 to 32 cell lines originated from 13 species and cultured for 2 weeks, followed by RNA extraction and reverse-transcription-polymerase chain reaction for FmoPV detection. As a result, only cell lines derived from cats and African green monkeys were susceptible to FmoPV. FmoPV infects diverse feline cell lines: epithelial, fibroblastic, lymphoid and glial cells. These results indicate that the receptor (s) for FmoPV are ubiquitously expressed in cats. No infectivity of FmoPV was observed in human cell lines, which suggests least threatening of cross-species transmission of FmoPV from cats to humans.
Feline morbillivirus (FmoPV) is a negative-strand RNA virus in a morbillivirus family. Most morbilliviruses infect dendritic cells through the respiratory route and cause lymphopenia and immune suppression [1, 15, 18] . Subsequently, the virus is disseminated to peripheral tissues, resulting in large-scale infection of epithelial cells. FmoPV was initially reported in 2012 in Hong Kong, and this virus is considered to be associated with renal failure in cats, in particular, tubulointerstitial nephritis [19] . FmoPV RNA was detected in over 10% of stray cats in Hong Kong and mainland China. Furuya et al. also reported the existence of FmoPV infection in Japan [6] . By analyzing paraffin-embedded kidney tissues of cats with nephritis, 40% of domestic cats in Japan were positive for FmoPV. This pathological relationship is a big concern for veterinarians and cat owners, as tubulointerstitial nephritis in chronic renal disease is the most common renal failure observed in aged cats [4] . Recently, we demonstrated that although FmoPVs display genetic diversity in general, particular isolates from Japan and Hong Kong showed nearly identical nucleotide sequence [12] . This fact may suggest that there are natural vectors and/or reservoirs. Phylogenetic and recombination analyses indicated that the recombination has occurred within the F and H genes between Japan and Hong Kong isolates [11] . Although it was reported that Vero cell originated from African green monkey (AGM) is susceptible to FmoPV [19] , it has never been examined whether FmoPV infects other species. In this investigation, we examined in vitro host range of FmoPV to assess the possibility of crossspecies transmission.
To prepare stock virus of FmoPV, we inoculated FmoPV strain SS1 [12] into Crandell-Rees feline kidney (CRFK) cells (ATCC, CCL-94). Two weeks post inoculation (w.p.i.), culture supernatants were harvested, filtered through a 450-nm membrane filter (PALL, Ann Arbor, MI, U.S.A.) and stored at −80°C as stock virus. The virus titer was determined as described before [7] . To study the in vitro host range of FmoPV, infectivity assay was performed using 32 cell lines originated from 13 species, i.e., human embryonic kidney (HEK) 293T cells (ATCC, CRL-11268), TE671 cells Table 1 ). The cells were maintained in T25 flasks, trypsin-ized at 70 to 90% confluence and seeded T25 flasks with FmoPV strain SS1 at a multiplicity of infection of 1. The cultures were incubated at 37°C in a humidified atmosphere with 5% CO 2 in air and observed daily for cytopathic effect under a light microscope. After serial passages for 2 weeks, we extracted RNA from the cells using QIAamp Viral RNA kit (Qiagen, Valencia, CA, U.S.A.) following the manufacturer's instruction. Extracted RNA was reverse-transcribed using SuperScript III (Invitrogen, Carlsbad, CA, U.S.A.) with random primers, followed by PCR amplification targeting a 487 base pair (bp) fragment of the L gene by using specific primers (5′-GGAACATGGCCTCCTGTAGA-3′ and 5′-CTCCATTGGCAATCAGGTTT-3′) [6] (Fig. 1A) [17] and nectin-4 expressed in epithelial cells [9, 10] . Measles virus infects immune cells expressing CD150, and the infected immune cells travel to the draining lymph nodes. After amplifying the virus, cell-associated viremia spread the infection to other organs including kidney, gastrointestinal tract and liver. Late in pathogenesis, the virus infects airway epithelial cells expressing nectin-4 via the basolateral surface, followed by replication and shed apically from the infected cell into the airway lumen [10] . In this study, we found that FmoPV infected variety of cell types including epithelial, fibroblastic, lymphoid and glial cells. This indicates the FmoPV receptor (s) are expressed in a variety of cat tissues. The association between FmoPV and interstitial nephritis was reported, but relationships with other diseases are still unclear. CDV is known to cause lethal systemic diseases including central nervous system (CNS) disease in large felids [16] . FmoPV may have a potential to cause other diseases, such as CNS disease, since G355-5 cells originated from feline astrocytes are susceptible to FmoPV ( Table 1) .
The different morbilliviruses most likely evolved from a common ancestral virus that has adapted to their respective mammalian hosts, indicating that morbilliviruses have an intrinsic capacity to adapt to new host species [5] . Having cats might be a big zoonotic concern, because they are one of the most popular companion animals, and human may expose to FmoPV through physical contacts with cats. Our results indicate that FmoPV possibly infects AGMs but not humans. There was no adaptation to human cell lines through replication in AGM cell lines. Therefore, here, we provisionally conclude that there are least threatening of cross-species transmission of FmoPV from cats to humans. However, CDV is known to cause lethal diseases not only in carnivores but also in other species. CDV infects human cells only by one amino acid substitution [13, 14] . Thus, we cannot exclude the possibility that FmoPV would become a threat for other animals in the future. Although a current study showed that cell lines except for ones from cats and AGMs are insensitive to FmoPV in vitro, further investigation and monitoring might be needed.
